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对甲醇电氧化的催化性质。另外，还探索采用富含 N 元素的廉价 FeNxC 非铂催化剂作为载体
负载铂纳米粒子，制成复合催化剂，研究其对氧还原（ORR）催化性能。此外，采用电化学
和化学还原法，合成出不同形貌的 Cu 纳米粒子。主要研究内容和结论分为以下三个部分： 
(1) 以四氯化钛为前驱体，采用水热法合成白色 TiO2 纳米棒，在纯 H2 气氛，高温热处理
制得具有氧缺陷和 Ti3+填隙原子的灰黑色二氧化钛（H-TiO2）纳米棒。将 1.9 nm 大小的 Pt 纳
米粒子负载于此两种二氧化钛纳米棒上，制得 Pt/TiO2 和 Pt/H-TiO2 催化剂。电化学测试表明
H-TiO2 载体能够增强氧在 Pt 表面的吸脱附能力，从而提高其甲醇电催化氧化活性：Pt/H-TiO2
电极甲醇氧化峰电流密度为 Pt/TiO2 电极的 1.6 倍、为 Pt/C 电极的 2.1 倍。 
(2)利用本实验室制备的以聚苯二胺、FeCl3 和 KJ600 炭黑为前驱体，经过高温热处理制
得的 FeNxC（一种非铂催化剂）为载体，负载 Pt 纳米粒子，制得 Pt/FeNxC 复合催化剂。XPS
测试表明 Pt/FeNxC 上的 Pt 4f 谱峰结合能增加，d 电子能带重心下移。电化学测试表明，在
0.85 V 处，Pt/FeNxC 的 ORR 活性是 Pt/KJ600 的 2.3 倍。这与归结于 d 电子能带重心下移，





















     Platinum-based catalysts are widely used in fuel cells. The electrocatalytic properties of 
platinum catalyst depend on the platinum nanoparticles size, morphology, dispersion and supports. 
Supports significantly impact the overall performance of the catalyst, as they can not only increase 
the dispersion of noble metal nanoparticles, prevent the aggregation of catalysts, and improve the 
stability of the catalyst, but also can improve the catalytic activity through the interaction with 
catalyst. Therefore, the study of catalyst support has received considerable interest. Traditional 
support such as carbon black has a weak binding with the Pt nanoparticles, which leads to ease of 
migration and aggregation of Pt nanoparticles on the surface, or even fall off. Usually, two methods 
are apply to overcome the shortcomings of traditional carbon black support. One is using 
non-carbon materials, such as metal oxide which has good oxidation resistance and good affinity to 
Pt nanoparticles; the other is modifying traditional carbon black support with special functional 
group to improve the catalytic performance of catalyst. 
In this thesis, we synthesized gray-black hydrogen-treated TiO2 (H-TiO2) nanorods with 
oxygen vacancies and Ti
3+
 interstitial atoms by 500 
o
C heat-teatment in H2 atmosphere. As-prepared 
H-TiO2 nanorods were used support to load Pt nanoparticles of 1.9 nm in size. The prepared 
Pt/H-TiO2 catalyst shows improved electrocatalytic activity towards methanol oxidation in 
comparison with Pt/TiO2 and Pt/C. We also synthesized functionalized carbon black, such as 
FeNxC that is one type of non-Pt catalyst for oxygen reduction reaction (ORR). Pt nanoparticles 
supported on the FeNxC possess improved ORR activity over Pt nanoparticles supported on carbon 
black. In addition, we successfully synthesized Cu nanoparticles with different morphology by 
electrochemical method and wet chemical method. Our main work and the conclusions are as 
follows: 
(1) White TiO2 nanorods were synthesized by hydrothermal method with TiCl4 as precursor. 
As-synthesized TiO2 nanorods were further subjected to high-temperature (550 
o
C) heat treatment 
for 2 hours under H2 atmosphere to prepare gray-black hydrogen-treated TiO2 (H-TiO2) nanorods 
with oxygen vacancies and Ti
3+
 interstitial atoms. Pt nanoparticles of 1.9 nm were supported on 
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structure of TiO2 was still reserved as rutile after hydrogen treatment, but the surface was covered 
by some Ti-OH species, as evidenced by XPS test. Electrochemical tests demonstrate that the 
oxygen vacancies of H-TiO2 can enhance the adsorption/desorption of oxygen on Pt nanoparticles, 
which promotes its electrocatalytic activity towards methanol oxidation. As a result, the peak 
current density of methanol oxidation on Pt/H-TiO2 is 1.6 and 2.1 times that of methanol oxidation 
on Pt/TiO2 and Pt/C, respectively. 
(2) Functionalized carbon black, phenylenediamine-based FeNxC that is often used non-Pt 
catalyst, was synthesized by heat treatment. The obtainbed FeNxC was used as support for Pt 
nanoparticles to prepare Pt/FeNxC composite catalyst. XPS shows that the binding energy of Pt 4f 
peak of Pt nanoparticles on Pt/FeNxC increase as compared with Pt nanoparticles supported on 
KJ600 carbon black, indicating the downshift of d-band center and decrease of the affinity to 
oxygen adsorption. Electrochemical tests demonstrate that Pt/FeNxC shows improved ORR activity, 
and its kinetic current of ORR at 0.85 V is 2.3 times that of Pt/KJ600. 
(3) We synthesized copper nanoflowers, copper elongated decahedron, icosahedron, 
cubooctahedron and cube by controlling electrode potential and solution composition. It was found 
that the existence of the chloride ions played a key role in the formation of copper nanocubes.  
 
Keywords: Platinum nanoparticles；TiO2 nanorods；Non-Pt catalyst；Methanol electrooxidation；

































―氢燃料行动‖（Hydrogen Fuel Initiative）。在 2010 年上海世博会期间，进行了 6 个月的燃料
电池汽车示范运营（含 90 辆燃料电池轿车、6 辆燃料电池客车和 100 辆燃料电池观光车），
仅在园区内高架步道及北环路运行的燃料电池观光车，截至 2010 年 8 月 31 日，已累计载客
137 万人次，总行驶里程达逾 44 万公里，运营情况良好。 





























Figure 1.1 Schematic representation of a PEM fuel cell. 
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